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ABSTRACT 
Precipitation is one of the most impotant climatic factors affecting agricultural production. Knowledge about 
spatial variability of precipitation amount over an agricultural area, its temporal change not only throughout a 
year but also over long-term span, start, end and length of rainy period, risk of wet and dry periods would be 
needed for appropriate agricultural planning and water management issues. However, analysis of long-term 
precipitation data for various purposes to be accurate, precipitation data must be homogeneous. It is defined that, 
as for other climatic time series, a homogeneous precipitation time series is to be affected by only natural 
weather and climatic conditions. Non-climatological factors such as changes in instrument, relocation of station, 
changes in observation practices make any climatic time series inhomogeneous. In this study, a quality control 
process involving outlier trimming and homogeneity checking were applied to 20 annual precipitation time 
series of various lenghts in Buyuk Menderes Basin, Turkey. Homogeneity analysis were performed using the 
Pettitt test and the Buishand range test. The results of the tests showed that 8 out of 20 stations can be considered 
to be inhomogeneous whose change points were found to be significant at 5% level by either one or both tests. 
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INTRODUCTION 
Precipitation is one of the most impotant climatic factors affecting agricultural production. 
Knowledge about spatial variability of precipitation amount over an agricultural area, its temporal 
change not only throughout a year but also over long-term span, start, end and length of rainy period, 
risk of wet and dry periods would be needed for appropriate agricultural planning and water 
management issues. However, analysis of long-term precipitation data for various purposes to be 
accurate, high quality precipitation data must be used. Thus outliers and homogenization arise as 
important issues (Gonzalez-Rouca et al., 2001). 
Detection of outliers has been considered an important part of quality control work. Outliers are data 
points that depart significantly from the trend of the remaining data (Naoum and Tsanis, 2003). They 
can be due to measurement errors or extreme meteorological events (Göktürk et al., 2008). When 
outliers are undoubtedly erroneous measurements those extreme data can be rejected and the problem 
is converted into one of missing data treatment (Gonzalez-Rouca et al., 2001). When outliers have a 
physical background the question arises whether they should be corrected or not (Barnett and Lewis,
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1994), because, extreme data carry very valuable climatological information that should not be 
dismissed (Gonzalez-Rouca et al., 2001). On the other hand, outliers can affect the estimation of 
sample statistics during the use of nonresistant  techniques (Göktürk et al., 2008). In order to retain the 
information of extreme events while not influencing nonresistant statistics too much, outliers can be 
replaced by a threshold value specific for each time series (Barnett and Lewis, 1994). Following 
Gonzalez-Rouca et al. (2001) and Göktürk et al. (2008) this approach was adopted as the quality 
control procedure in this work. 
A homogeneous climate series is defined as one where variations are caused only by changes 
in weather and climate (Conrad and Pollak 1950). Most of the long-term climatic time series have 
been affected by a number of non-climatic factors that make these data unrepresentative of actual 
climate variations occurring over the time (Peterson et al., 1998). These non-climatic factors which 
makes data inhomogeneous are changes in location of the stations, instruments, formulae used to 
calculate means, observing practices and station environment (Göktürk et al., 2008). If a precipitation 
time series is homogeneous, all variability and changes of the series then can be considered due to the 
atmospheric processes (Karabörk et al., 2007). 
There exists many methodologoies for detection of homogeneity of climatological time series. 
Firstly these methods can be grouped into two categories, direct or indirect methods, depending on 
availability or use of station history files known as metadata. Direct methods use metadata and indirect 
methods use a variety of statistical and graphical techniques to determine inhomogeneities (Peterson et 
al., 1998). The indirect homogeneity tests of a climatic time series could be classified into two groups: 
absolute tests and relative tests. The absolute tests depend on the use of a single station’s records, 
whereas relative tests depend on the use of neighbouring stations’ data that are supposedly 
homogeneous (Karabörk et al., 2007). Some relative homogeneity tests which do not require 
homogeneous reference series have become available (Szentimrey, 1999). 
Numerous quality control, homogeneity testing and adjustment studies for many 
climatological time series were conducted at various temporal scales worldwide: for rainfall data in 
Kenya (Kipkorir, 2002), for daily air temperature and pressure series in Uppsala, Sweden (Bergström 
and Moberg, 2002), for precipitation and temperature series in Central America and northern South 
America (Aguilar et al., 2005), for precipitation in Taiwan (Yu et al., 2006), precipitation in Denmark 
(Frich et al., 1997), temperature and precipitation in Switzerland (Begert et al., 2005), precipitation in 
the Southwest of Europe (Gonzalez-Rouca et al., 2001), rainfall in Spain (Llasat and Quintas, 2004). 
A number of studies checking data quality, testing and adjusting homogeneity for precipitation 
data in Turkey were conducted. Karabörk et al. (2007) checked the homogeneity of 212 precipitation 
records in Turkey for the period 1973-2002 by the Standard Normal Homogeneity Test (SNHT) and 
Pettitt Test. Authors found that 43 out of 212 stations were inhomogeneous based on the criteria that 
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stations being considered inhomogeneous if at least one of the tests rejects the homogeneity. Göktürk 
et al. (2008) performed outlier trimming and homogeneity checking/correction on the monthly 
precipitation time series of various lengths from 267 stations in Turkey, by using the Standard Normal 
Homogeneity Test for homogeneity analysis. Sönmez and Kömüçü (2007) tested the homonegeity 
status of monthly rainfall totals from 156 stations for 1977-2006 period by using Kruskal-Wallis 
Homogeneity test and found 16 stations being inhomogeneous. Em et al. (2007) assessed the 
homogeneity of annual precpitation totals recorded between 1970 – 2003 at 15 stations in GAP region 
of Turkey by using Swed-Eisenhart run test and graphical analysis method, and found only data of one 
station being inhomogeneous. 
The purpose of this study is to check the quality and homogeneity of precipitation time series 
recorded at various stations within Büyük Menderes basin which could be used in later for water 
management, hydrology, climate change and variability studies. This study differs from other studies 
conducted for Turkish precipitation data in that it includes precipitation data recorded not only by 
State Meteorological Service of Turkey (DMI) but also by State Water Works of Turkey (DSI) which 
were not investigated before in terms of homogeneity. 
MATERIALS and METHODS 
Data 
In this study, time series of annual precipitation totals from 20 stations within Büyük 
Menderes Basin were used. Locations of  station are shown in Figure 1 and the list of stations is given 
in Table 1. Data were provided by the State Meteorological Service of Turkey (DMI) and by State 
Water Works of Turkey (DSI).  
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Figure 1. Distribution of 20 precipitation stations over Büyük Menderes Basin used in the study. 
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METHODS 
Quality Control 
The identification of outliers has been the primary emphasis of quality control work 
(Gonzalez-Rouca et al., 2001; Göktürk et al., 2008). Outliers are values greater than a threshold value 
specific for each time series, defined by 
0.75 3outP q IQR= +  
where q0.75 is the third quartile and IQR is the interquartile range. In order to reduce the size of 
distribution tails and make a safer use of the nonresistant homogeneity testing methods used later, also 
to keep the information from extreme events, outlier values of each annual precipitation series were 
replaced by the unique Pout value (Gonzalez-Rouca et al., 2001; Göktürk et al., 2008). 
Homogeneity Analysis 
In this study, two methods to test the homogeneity in annual precpitation time series were 
used. These are the Buishand Range test (Buishand, 1982) and the Pettitt test (Pettitt, 1979). The 
mathematical formulation of the tests which were adopted from Wingaard et al. (2003) are given 
below. In the formulation given below, Yi (i is the year from 1 to n) is the annual series to be tested, Y  
is the mean and s the standart deviation. 
Buishand Range Test: In this test, the adjusted partial sums are defined as 
=
= = − =
* *
0
1
0   and   ( )   1,....,
k
k i
i
S S Y Y k n  
When a series is homogeneous the values of *kS  will fluctuate around zero, because no systematic 
deviations of the Yi  values with respect to their mean will appear. If a break is present in year K, then 
*
kS  reaches a maximum (negative shift) or minimum (positive shift) near the year k=K. The 
*( / ) /kS s n  is depicted in the graphs representing the results of this test. The significance of the shift 
can be tested with the ‘rescaled adjusted range’ R, which is the difference between the maximum and 
the minimum of the *kS  values scaled by the sample standard deviation: 
* *
00
(max min ) /k kk nk nR S S s≤ ≤≤ ≤= −  
Buishand (1982) gives critical values for /R n . 
Pettitt Test: This test is a non-parametric rank test. The ranks r1,……,rn of the Y1,……,Yn are 
used to calculate the statistics: 
=
= − + =
1
2 ( 1)     1,....,
k
k i
i
X r k n k n  
The Xu is depicted in the graphs representing the results of this test. If a break occurs in year E, then 
the statistic is maximal or minimal near the year k=E: 
≤ ≤
=
1
maxE kk n
X X  
The significance level is given by Pettitt (1979). 
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RESULTS and DISCUSSION 
The results of quality control process are given in Table 1 in which Pout values and extreme 
year(s) corrected for each station are tabulated. This table shows the variation of data that reaches 
maximum values along mountainous southern and northern border of the basin, whereas, lowest 
values occuring on central lowland part of the basin.  
Table 1. The list of precipitation stations and the results of outlier trimming process. 
S/N Station Name Data Period Missing Data 
 
Pout 
(mm) 
Extreme year(s) 
replaced by Pout 
State agency from 
which data were 
provided 
1 Somak 1970 – 2005 1974 1757.5 – DSI 
2 A. Karacahisar 1964 – 2005 – 1215.9 – DSI 
3 Bafa-Çamiçi 1967 – 2005 1991, 1992 1571.8 – DSI 
4 Burhaniye 1963 – 1999 1993 1065.5 – DSI 
5 Iıklı Gölü 1963 – 2005 – 737.7 – DSI 
6 Kayran 1971 – 2005 – 1329.7 – DSI 
7 Kırıkköy 1968 – 2005 1974 1795.6 – DSI 
8 Kozaaç-Mula 1962 – 2003 – 2542.5 – DSI 
9 Kozaaç-Yataan 1962 – 2005 1963 1995.4 1981 DSI 
10 Sarıkemer 1968 – 2001 1971, 1976 1467.0 – DSI 
11 Serban 1967 – 2000 – 957.7 – DSI 
12 Yavalar 1964 - 2001 1965, 1982 896.6 – DSI 
13 Yeiloba 1968 - 2005 1974, 1975, 1976, 1977 
1570.4 
– DSI 
14 Aydın 1960 – 2007 – 1262.6 – DMI 
15 Denizli 1960 - 2007 – 1098.3 – DMI 
16 Dinar 1960 - 2006 – 1011.0 – DMI 
17 Güney 1960 - 2007 – 1018.8 1968 DMI 
18 Nazilli 1960 - 2007 1969, 1970, 1971 
1069.8 
– DMI 
19 Sultanhisar 1961 - 2007 1967 1340.2 – DMI 
20 Yataan 1961 - 2006 – 1378.8 – DMI 
 
The total number of corrected values is only two: one in Kozaaç-Yataan and the other in 
Güney. In Kozaaç-Yataan, total annual precipitation in year 1981 of 2033.3 mm is higher than and 
repleced by corresponding Pout value of 1995.4 mm. In Güney station, total annual precipitation in year 
1968 of 1215.1 mm is higher than Pout value of 1018.8 mm, and it was replaced. The neighboring 
stations of Kozaaç-Yataan and Güney have total annual precipitations which were not higher than 
their corresponding Pout values in the same years, thus one can conclude that these two outliers could 
be considered as erroneous measurements rather than as natural variation. 
After quality control (outlier trimming) process, annual total prcipitation time series were 
tested for homogeneity. In this study two homogeneity testing methods were used. The selected 
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methods are Buishand Range Test and Pettitt Test. The results of the tests applied are given in Table 2 
for each station.  
Table 2. The results of homogeneity tests. Significant change points at 5% level shown in bold. 
S/N Station Name Data Period Missing Data Pettitt Buishand 
1 Somak 1970 – 2005 1974 1981 1981 
2 A. Karacahisar 1964 – 2005 – 1977 1977 
3 Bafa-Çamiçi 1967 – 2005 1991, 1992 1993 1993 
4 Burhaniye 1963 – 1999 1993 1969 1981 
1969 
1981 
5 Iıklı Gölü 1963 – 2005 – 1970 1984 1970 
6 Kayran 1971 – 2005 – 1981 1981 
7 Kırıkköy 1968 – 2005 1974 1984 1986 
8 Kozaaç-Mula 1962 – 2003 – 1983 1983 
9 Kozaaç-Yataan 1962 – 2005 1963 1984 1983 
10 Sarıkemer 1968 – 2001 1971, 1976 1984 1984 
11 Serban 1967 – 2000 – 1972 1976 
1971 
1976 
12 Yavalar 1964 - 2001 1965, 1982 1971 1971 
13 Yeiloba 1968 - 2005 1974, 1975, 1976, 1977 1986 1985 
14 Aydın 1960 – 2007 – 1986 1986 
15 Denizli 1960 - 2007 – 1969 1981 
1969 
1981 
16 Dinar 1960 - 2006 – 1969 1969 
17 Güney 1960 - 2007 – 1969 1983 
1969 
1983 
18 Nazilli 1960 - 2007 1969, 1970, 1971 
1983 
1993 1983 
19 Sultanhisar 1961 - 2007 1967 1971 1981 
1971 
1981 
20 Yataan 1961 - 2006 – 1971 1984 
1971 
1984 
 
The results of Buishand Range test showed that 8 out of 20 stations have an inhomogeneity. 
On the other hand, according to Pettitt test 4 out of 20 stations were found to be inhomogeneous. 
Pettitt test detected nonsignificant change points at three stations, namely in Kayran, Serban and 
Güney stations, which Buishand Range test found significant change points at 5% significance level. 
Totally, 8 out of 20 stations are considered to be inhomogeneous whose change points were found to 
be significant at 5% level by either one or both tests. 
Another outcome of the tests is that both tests detected change points at around the same years 
at almost all stations. In other words, the test results confirmed outcomes of one another in terms of 
timing of change point. For example, both tests detected a change point around 1985 in Yeiloba 
station, as shown in Figure 2. 
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Figure 2. Annual precipitation time series of station Yeiloba and detected inhomogeneity during 1985. 
The test results depicts also that some neighboring stations exhibit simultaneous ocuurances of 
inhomogeneity. For instance, both tests detected a shift at the stations Kırıkköy and Kozaaç-Yataan 
situated on southern border of the basin around the year 1984. On the other hand, two stations, namely 
Kozaaç-Mula and Yataan, neighboring to Kırıkköy and Kozaaç-Yataan have change points 
around the same year which are not significant at 5% level. These simultaneous inhomogeneties may 
arise from simultaneous changes in observational routines (Karabörk et al., 2007).  
Since thistorical metadata of the stations was not available in this study, no analysis could be 
made for the possible causes of the detected homogeneities. Some neighboring stations have 
simultaneous inhomogeneties or change points which are not significant at 5% level, therefore, it 
would be inappropriate to use the ‘relative’ homogeneity tests for Turkish precipitation data, as stated 
by Karabörk et al. (2007).  
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